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Abstract

Currently the correlation dimension is frequently used
to quantify the non-linear properties of the
electrocardiogram recorded in rest or during various
tachyarrhythmias. In this study the influence of lead
selection and embedding dimension on the correlation
dimension was evaluated. In nine dogs presenting with
Torsade de Pointes tachyarrhythmias the correlation
dimension was determined using the commonly applied
method of Grassberger and Procaccis, for the embedding
dimension 3,4,5 and 8. Between dogs the average
correlation dimension varied from 1.37-2.12, 1.42-2.39,
1.45-2.63, and 1.55-3.03 respectively. Within dogs the
difference between those two leads with the minimal and
maximal dimension varied from 0.17-0.67, 0.19-0.95,
0.24-1.00 and 0.32-1.14 .

The study suggests that the correlation dimension
should not be used to compare the non-linearity between
patients but should be limited to longitudinal comparison
in one patient.

1. Introduction

Recently risk-stratification based on parameters
derived from the electrocardiogram, using methods from
non-linear analysis like the estimated correlation
dimension, is rapidly gaining interest (1-7). In most of
these studies an arbitrarily selected electrocardiographic
lead is used. In the majority of cases no statement is
presented why a specific lead has been selected.

2. Purpose of this study

To evaluate the potential influence of lead selection on
the correlation dimension, using the commonly applied
method of Grassberger and Procaccia (8), the experiment
described in this paper was performed.
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3. Methods
3.1. Animals

In nine anesthetized dogs, in which in a laboratory
setting reproducible self-terminating Torsade de Pointes
tachyarrhythmias could be initiated by a programmed
electrical stimulation protocol, the six standard
electrocardiographic  extremity leads were recorded,
digitized at a sampling rate of 1000 samples/sec and
stored on hard disk. During analysis of these tracings
the electrocardiogram and intracardiac registrations of
all relevant episodes were annotated and collected on
CD-ROM. Off-line, apart from the normal
electrophysiological analysis, a number of additional
parameters, including the correlation dimension was
estimated using 4000 samples, various embedding
dimensions and an individualized reconstruction delay.

3.2. MTRCHAOS

All analyses were performed using the MTRCHAQS
and MTRLYAP software packages. These software
tools can be downloaded from the Internet network (9).
The analysis of nine electrocardiograms, each recorded
with 6 leads, and four different embedding dimensions
resulted in 216 different experiments. In this study for
each experiment the optimal setting was determined,
applying a number of options available in this package.
In each experiment 4000 samples were analyzed, with
an embedding dimension of 3, 4, 5 and 8. To calculate
the estimated correlation dimension a number of
parameters have to be selected. The optimal
reconstruction delay, the mean interval and the number
of sampling intervals the divergence pattern of a given
pair of nearest neighbors should be followed, were
individually determined in each experiment.
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3.2.1. Reconstruction delay

The estimation of the optimal reconstruction delay can be
guided by three methods: the average displacement, the
autocorrelation method or the so-called small window
solution. As published by Rosenbaum, a measurement of
reconstruction expansion and therefore an indication of
the effect of the measurement error as a function of the
delay selected can be provided by the average
displacement. Empirical results suggest an optimal
estimation of the reconstruction delay as that delay where
the slope first drops to 40 % of the initial value (9,10).
The autocorrrelation method although frequently used to
select the optimal delay, and the small-window solution
described by Gibson have not been applied in the
experiments described in this study.

animals and four embedding dimensions.

The differences found could not be explained by the
inaccuracy introduced by the manual selection of the
linear part of the correlation diagram, as required in the
method of Grassberger and Procaccia.

TABLE 1.
Delta correlation dimension for embedding dimension
3 4 5 8

Dog 1 0.17 0.19 0.24 0.32
2 0.51 0.70  0.84 1.14
3 0.21 0.23  0.13  0.26
4 0.67  0.95 1.00  0.94
5 0.51 0.60 0.65 0.89
6 0.36 048 047 0.59
7 0.65 0.80 0.90 1.12
8 0.58 0.62 070 0.74
9 034 055 055 093

4. Results

Between dogs the average estimated correlation
dimension calculated on these 6 extremity leads for four
embedding dimensions varied from 1.37-2.12, 1.42-
2.39, 1.45-2.63, and 1.55-3.03 respectively. Within dogs
the difference between those two leads with the minimal
and maximal dimension varied from 0.17-0.67, 0.19-
0.95, 0.24-1.00 and 0.32-1.14 .

Table 1. lists the maximal difference found for all nine

The electrocardiogram did not reveal any clues why
some leads did behave so differently as compared to
other ones. The correlation dimension in relation to the
embedding dimension calculated for six leads showed a
large variation of patterns. ln some cases a pattern is
seen in which the correlation dimension is almost
constant for different embedding dimensions in five out
of six leads, and totally different in a sixth lead. An
example of this pattern is given in figure 1.
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5. Conclusion

Whether the by definition extreme polymorphic nature of
Torsade de Pointes tachyarrbythmias is mainly
responsible for the unexpected large variation in
estimated correlation dimension, or this irregularity in
combination with the selected sampling frequency and
number of samples used in this analysis, deserves further
investigation. In the mean time, however, these results
do support the judgment, that the estimated correlation
dimension should not be used to compare the chaotic
properties of the electrocardiogram between patients, but
should be limited to longitudinal comparison of the
electrocardiogram in a patient without varying variables
like embedding dimension, reconstruction

delay and electrocardiographic lead selection.
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